).
women are induced significantly less often than NHW women, and this disparity appears to be increasing with time. [10] [11] [12] A disparity in the rate of induction may contribute to the racial differences in stillbirth rates observed at term. 4 Previous studies examining differences in labor induction by race have been limited by the use of birth certificate data and have also been unable to investigate the indications for induction.
10-13
Thus, we chose to examine induction of labor by race/ethnicity and the factors that contribute to any differences using electronic medical record (EMR) data from a large, contemporary United States cohort study, the Consortium on Safe Labor (CSL).
Methods
We performed a retrospective cohort study after receiving approval by the institutional review board of the MedStar Health Research Institute. We used data from the Eunice Kennedy Shriver National Institute of Child Health and Human Development supported Consortium on Safe Labor, which was a multicenter, retrospective cohort study that collected detailed labor and delivery information in electronic medical records (EMRs) on 228,562 pregnancies from 12 clinical centers (with 19 hospitals) across nine American College of Obstetricians and Gynecologists U.S. districts from 2002 to 2008. By design, study hospitals had obstetric EMRs from which data were abstracted and mapped to pre-specified fields. Maternal International Classification of Diseases, 9 th Revision, Clinical Modification (ICD-9) codes were also collected for each delivery. Investigators at each site completed surveys on hospital and physician characteristics. Data inquiries, cleaning, and logic checking were performed. Validation studies for four key outcome diagnoses (cesarean for non-reassuring fetal heart rate tracing, asphyxia, neonatal intensive care unit (NICU) admission for respiratory conditions, and shoulder dystocia) confirmed a high level of accuracy: >95% concordance with the medical chart for 16/20 variables examined with the lowest concordance of 91.1% for a clinical diagnosis of shoulder dystocia.
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The primary outcome of interest was induction of labor at 24 weeks of gestation or greater. After the inclusion and exclusion criteria were applied, there were 143,634 women identified as eligible for analysis (►Fig. 1). Race/ethnicity was defined as had been recorded in the EMR and was categorized as NHW, NHB, Hispanic, and Asian/Pacific Islander. Pregnancies in which more than one race/ethnicity or "Other" was recorded were combined as Other/Multi-racial.
Induction of labor was identified if an induction and/or a method or start time for induction was recorded in the EMR. We defined three categories for induction of labor: "indicated," "non-medically indicated," and "no recorded indication" using the following algorithm. The indication for induction was used first to classify the induction into one of the three categories. Since the indication for induction was not always provided, we supplemented the indication for induction with all potential maternal, fetal, or obstetric complications of pregnancy as previously described. 15 For example, if a woman had an induction of labor, and no indication was recorded, but the pregnancy was complicated by gestational diabetes, she was included in the indicated category. We also included women who were admitted to labor and delivery for an "unspecified fetal or maternal reason" in the indicated category. If a site indicated that the induction was elective, no other indications for induction were provided, and there were no other obstetric, fetal, or maternal conditions complicating the pregnancy, the induction was designated as non-medically indicated. If a delivery indication was noted as postdates or post-term, and no other indications were listed, but the induction occurred prior to 41 weeks of gestation, these were also coded as non-medically indicated. Finally, those inductions where no indication for the induction was provided, and where no obstetric, fetal, or maternal conditions of the pregnancy could be identified were classified as no recorded indication. The percentage of eligible women undergoing labor induction was calculated by race/ethnicity overall and then for each completed week of gestation. The percentage of women undergoing induction in a given week was calculated by dividing the number of inductions that occurred in a given week by the number of eligible pregnancies that were undelivered at the same gestational week. The percentage was expressed as the number of inductions per 100 eligible pregnancies and was calculated separately for each racial/ethnic group. The percentages were plotted graphically for each week of gestation. Multivariate logistic regression analyses were performed to examine the association between race/ethnicity and induction while adjusting for the following confounders: maternal age, marital status, maternal insurance type, parity, admission body mass index (BMI), tobacco use, maternal hypertensive disorders (which included gestational hypertension, preeclampsia, severe preeclampsia, eclampsia, superimposed preeclampsia, chronic hypertension, and unspecified hypertensive disorders), pregestational diabetes mellitus, gestational diabetes mellitus, maternal renal disease, fetal anomaly, stillbirth, fetal condition (including intrauterine growth restriction, abnormal antenatal fetal testing, Rh incompatibility, oligohydramnios, and fetal compromise), premature rupture of membranes (PROM), antepartum chorioamnionitis, delivery institution type (university, teaching community, or non-teaching community hospital), and site. BMI was analyzed as a categorical variable: underweight (BMI <18.5 kg/m . Deliveries at or >42 weeks of gestation were excluded (n ¼ 1,154) leaving n ¼ 142, 480 for the analysis (►Fig. 1). Multiple imputation technique 16 for missing values of maternal age (n ¼ 40), BMI at admission (n ¼ 23,820), and marital status (n ¼ 3,499) was performed based on fully conditional specification. 17 The missing data were filled in 10 times to generate 10 complete datasets. Each dataset was analyzed with multivariate logistic regression models. The results from these complete datasets were then combined for the inferences. 18 Models were created to examine the odds of induction for all deliveries occurring at 24 weeks or greater, and separately for the three gestational age intervals: "early preterm" (24 0/7 -33 6/7 weeks of gestation),
-36 6/7 weeks'), and "term" (37
weeks'). Gestational age was adjusted for in the overall model as a categorical variable (early preterm, late preterm, and term).The unadjusted and adjusted odds ratios of induction and 95% confidence intervals (CIs) were calculated using NHWs as the referent group. To examine the factors associated with racial/ethnic differences in labor induction, we compared the percentage of inductions for each race/ethnicity that were indicated, nonmedically indicated, or no recorded indication overall and then performed stratified analysis by the three gestational age intervals of early preterm, late preterm, and term.
Comparisons were made using Pearson's Chi-square, Fisher's exact test, and analysis of variance (ANOVA). All statistical analyses were performed using SAS 9.1 (SAS Institute Inc., Cary, NC).
Results
Induction of labor occurred in 42.7% of the 143,634 pregnancies identified as eligible for induction. NHB women had the greatest percentage to undergo induction of labor (44.6%), followed by Other/Multi-racial (44.0%), NHWs (42.3%), Hispanics (42.2%), and Asian/Pacific Islanders (38.6%, p < 0.001).
Of the 9,582 women initially excluded due to missing or unknown racial data, 6,860 women would have been identified as eligible for induction after applying the same exclusions. In this cohort, 36.6% of the pregnancies were induced. This percentage was significantly lower than encountered in the cohort of interest, where race was identified (42.7%, p < 0.001).
The demographic characteristics of the 143,634 pregnancies eligible for induction are listed in ►Table 1. Of all the groups, NHW women most often had private insurance and delivered at a teaching-community or non-teaching community hospital. NHBs were more often single, cigarette smokers, had a higher BMI at labor admission, and had a public funding source for their care. Asian/Pacific Islanders were more often older, married, and nulliparous.
With regard to maternal and fetal complications of pregnancy (►Table 2), NHB women were more likely to have pregnancies affected by hypertensive disorders, preexisting diabetes mellitus, stillbirth, and other fetal conditions compared with all groups. Asian/Pacific Islanders were more likely to have gestational diabetes, fetal anomalies, PROM, and chorioamnionitis compared with other races/ethnicities.
►Fig. 2 graphically depicts the rate of induction for each week by racial/ethnic group at or after 34 weeks. Prior to 39 weeks, minor differences were observed between the racial/ ethnic groups, with NHB women having the highest rate of induction. At 39 weeks, however, a dramatic increase in the rate of induction for NHWs was observed above all other racial/ ethnic groups when they previously had the lowest rate.
The examination of the odds of labor induction by maternal race/ethnicity and gestational age intervals is depicted in ►Table 3. Overall, we observed unadjusted odds of labor induction that were 9% and 5% higher for NHB and Other/ Multi-racial women, respectively, compared with NHW women and were 2% and 15% lower for Hispanic and Asian/ Pacific Islanders, respectively. However, after adjustment for maternal characteristics and pregnancy complications, the overall odds of labor induction for all race/ethnicities was less than that for NHW women. When stratified by gestational age at delivery and adjusted for maternal characteristics and pregnancy complications, no differences of significance were seen in early preterm (<34 weeks of gestation). During the late preterm period, significant differences were observed only for Asian/Pacific Islanders (OR 0.69, 95% CI 0.53-0.90) in comparison to NHWs. At 37 to <42 weeks', the odds of labor induction for all race/ethnicities were 25 to 40% less when compared with that for NHWs.
Analyses of the indications for induction are presented by maternal race/ethnicity in ►Table 4. Overall, NHBs had the highest percentage of indicated inductions of labor compared with all other racial/ethnic groups. Conversely, NHWs had the highest percentage of non-medically indicated inductions. Among NHW women, 45.4% of all inductions were nonmedically indicated or had no recorded indication, and this was significantly higher than any other racial/ethnic group (NHB 29.4%, Hispanic 37.0%, Asian/Pacific Islander 31.3%, and Other/Multi-racial 36.4%, p < 0.001). Upon stratification by gestational age interval, no significant differences in the indications for induction were observed between the racial/ethnic groups prior to 34 weeks of gestation (►Table 4). During late preterm, the percentage of NHW women to undergo a non-medically indicated induction was higher (1.6%) than any other racial/ethnic group (p ¼ 0.007). At term, NHB women most often underwent an indicated induction. Conversely, 47.6% of inductions amongst NHWs at term were either non-medically indicated or for no recorded indication.
Discussion
In a large U.S. obstetrical cohort, there were racial/ethnic differences in labor induction. NHB women were induced more often than any other racial/ethnic group, and the primary reason was for an antepartum complication, such as diabetes mellitus, chronic hypertension, preeclampsia, or fetal growth restriction. However, after adjusting for maternal characteristics and antepartum complications, we found that NHW women had the highest odds of labor induction overall and at term (37 0/7 -41 6/7 weeks) compared with other racial/ethnic groups. This can best be explained by the finding that 47.6% of inductions in NHW women at term were non-medically indicated or with no recorded indication. Racial/ethnic differences in rates of induction are important to study because it has been suggested that these differences could explain the racial disparities in stillbirth at term. The overall stillbirth rate for NHB women is 2.3 times that of NHW women. Much of this black-white disparity in stillbirth remains unexplained. 19 At term gestation, NHB Indeed, we found that despite higher rates of preexisting medical diseases and complications of pregnancy, NHB women had lower odds of induction at late preterm and at term after taking these factors into account. National Center for Health Statistics (NCHS) data reported that 24.0% of births to whites were induced compared with 20.7% of black women. 1 The literature examining differences in induction by race/ethnicity by indication is limited. Murthy et al examined differences in induction by race/ethnicity using Illinois birth certificate data and found that African-American women undergo labor induction less frequently. 10 Using birth certificate data from the NCHS from 1991 to 2006, Murthy et al also showed that early term induction rates (37 and 38 weeks of gestation) were highest for NHW women and remained higher even after adjusting for confounding demographic and medical risk factors when compared with that of Hispanic and black women. 12 However, in another study from this same group, induction rates were higher for black women in the late preterm period (34 0/7 -36 6/7 weeks) compared with other race/ ethnicities. 11 While the findings of our study are similar, there are some differences. In particular, we did not find increased odds of induction during the late preterm period for NHBs compared with NHWs. These differences might be due to differences in the populations, as Murthy et al excluded women with PROM, pregnancy-associated hypertension, and fetal anomalies when there are known racial differences in the prevalence of these conditions. 7 In addition, since they were unable to control for socioeconomic factors or the type of institution where the delivery occurred, they were unable to account for variable obstetrical practice patterns that may occur at different types of institutions (e.g., teaching versus non-teaching hospital). Our study used data from medical records which, unlike birth certificate data, allowed us to control for some of these important socioeconomic factors.
It is unknown what caused racial/ethnic differences in labor inductions. It may have been due to differences within or between institutions, variations across providers, patient choice, or combinations thereof. The novel aspect of our study was the ability to explore the racial disparities in the indications for induction in a large recent cohort with electronic medical record data. While the ideal timing of delivery for many pregnancy complications has not been established, 21 we found significant racial differences in current clinical practice. Our study was limited because the indication for induction was not always provided. We cannot rule out that there was misclassification in assignment of women to indication group. We chose to supplement the indicated induction group by using any other maternal or fetal condition recorded that could have resulted in an induction even though it may not have been the actual indication for induction. In addition, there were also inductions with no identifiable indication despite our conservative efforts to include any possible condition. Of the pregnancies with no identifiable indication for induction, 94.0% delivered at 37 weeks of gestation or later and 5.1% at late preterm, and only 0.8% delivered prior to 34 weeks of gestation. We suspect that a majority of the inductions with no recorded indication after 34 weeks were non-medically indicated given that they most often occurred at term, and the large number of variables considered in the CSL to capture pregnancy complications. In other studies examining CSL patient data, women with no recorded indication for induction had similar labor patterns and low cesarean delivery rates, as women with non-medically indicated deliveries further indicating that these were likely non-medically indicated. 20 While it is unlikely that the inductions with no recorded indication that occurred early preterm were non-medically indicated, it is reassuring that these numbers were reasonably small. Our findings might only be applicable to the specific obstetric interventions employed at these Racial/Ethnic Differences in Labor Induction Singh et al. 367
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institutions or institutions similar to ones included in the CSL study.
There were racial/ethnic disparities in labor induction with NHB women being induced overall more often than any other racial/ethnic group, primarily due to increased rates of medical and obstetric complications. However, this pattern in labor induction changed after 34 weeks of gestation when controlling for a variety of sociodemographic factors as well as indications for delivery. Compared with all other racial/ ethnic groups, NHW women were more likely to undergo non-medically indicated induction at term. Because labor induction may avoid the occurrence of stillbirth, whether this finding may explain, in part, the increased risk of stillbirth for black women at term and merits further research.
Conflict of Interest
None.
